The chemical composition of the essential oil of Saccocalyx satureioides Coss. et Dur. (Lamiaceae) was analyzed by chiral and achiral GC/MS and 42 components were identified. The main constituents were (+)-α-terpineol (35.9%), thymol (15.6%) and borneol (12.4%). The in vitro antibacterial and antifungal activities of the essential oil were assessed by the disc diffusion method, and were significant on the six microorganisms tested. A moderate inhibitory activity against hepatitis C virus polymerase was also evidenced.
In Algeria, the Saccocalyx genus (Lamiaceae) is represented by only one endemic species, S. satureioides Coss. et Dur. (Lamiaceae), which grows in the dunes of the pre-desert area. This plant is a 20-100 cm high shrub with erect stems. Its small ovoid leaves are ciliate, hispid and lanceolate, and its flowers can be white, rose or crimson [1] . Our ethnobotanical investigations showed that this species, known under the vernacular name "Zaatar El Sahra", is used for the treatment of gastrointestinal ailments, such as diarrhoea, as are other plants like Origanum glandulosum, Artemisia herba-alba and Mentha spicata [2] . As the essential oils of many medicinal plants are known to have antimicrobial properties, and as neither the chemical characterization nor the biological activity of S. satureioides have been reported in the literature, we have studied the composition and the antibacterial, antifungal and antiviral activities of the essential oil obtained from the aerial parts of this species growing wild in Algeria.
Forty-two compounds, representing 94.1% of the total oil, were identified in the essential oil of S. satureioides ( Table 1 ). The main constituents were α-terpineol (35.9%), thymol (15.6%) and borneol (12.4%), followed by p-cymene (7.2%), camphene (4.3%) and γ-terpinene (4.0%). As the interactions of a chiral compound with living organisms are strongly dependent on its configuration, we measured also the enantiomeric distribution of the main constituent, α-terpineol. Chiral GC/MS analyses showed that this compound was present in the essential oil in its pure dextrorotatory form.
The antimicrobial tests revealed that the essential oil had a high activity against all the tested microorganisms. However this activity was not uniform to all the strains ( Table 2 ). The half diluted essential oil exhibited a strong activity against all microorganisms, higher (on E. coli and S. aureus ATCC 43300) or equal (on S. aureus ATCC 29213) to that of the standard antibiotic. The 1 in 10 diluted oil was only moderately active against these bacteria, but had a strong inhibitory effect against all the tested fungi (C. albicans, A. fumigatus and A. niger). The broad-spectrum activity exhibited by the oil can be principally attributed to the high α-terpineol [3] [4] , thymol [4] [5] , p-cymene [6] , and borneol contents [7] [8] , representing 71% of the essential oil. Other minor constituents, such as carvacrol [5] , terpinen-4ol [3] , α-pinene [9] , myrcene [10] , limonene [11] and linalool [11] [12] probably also contribute to the global antimicrobial activity. Indeed, several studies have shown that the whole essential oils can have a greater antibacterial activity than the main components mixed [9] [10] [13] [14] , as the contribution of the minor constituents can be significant. Actually, the biological activity of such mixtures is the complex sum of additive, antagonistic and synergistic effects between all the constituents [13] .
The essential oil showed a significant 0.25% minimum inhibitory concentration on various bacteria tested after 6 days of incubation. The MIC of the essential oil calculated after 24 hours of incubation with P. aeruginosa ATCC 9027 and S. aureus ATCC 6538 was less than 0.25%. Furthermore, it was less than 0.12% for E. coli ATCC 8729, and less than 0.06% for B.subtilis ATCC 6633 (table 3) . At these concentrations, the nature of the antibacterial activity varied from a bacteriostatic effect on S. aureus ATCC 6538 to a real bactericidal effect on E. coli ATCC 8729, P. aeruginosa ATCC 9027, and B. subtilis ATCC 6633.
In comparison with the results of several essential oil minimal inhibitory concentrations [15] , the MIC value of the S. satureioides essential oil against Escherichia coli is comparable to those of Aniba rosacodora, Origanum vulgare, Pimenta racemosa and Thymus vulgaris. The MIC of the oil on P. aeruginosa is much better than all of the 52 plant oils studied by these authors. In order to characterize more completely the pharmacological properties of S. satureioides essential oil, we evaluated its inhibitory activity against the polymerase of hepatitis C and dengue virus. No activity was observed with the most diluted solutions (10 mg/mL), but more concentrated solutions (50 mg/mL) exhibited small inhibitory effects of 6% and 29%, respectively on dengue virus and hepatitis C virus polymerase. For a pure compound, a significant inhibitory activity corresponds to at least 80% inhibition for a 50 μM solution, but in the case of the essential oils and other complex mixtures, the results of such studies should be considered differently. Hence, the global activity of the mixture can be due to minor components and the phenomenon of synergies should also be taken into consideration. Thus, the evaluation of the antiviral properties of the whole essential oil is a preliminary step in the search for active constituents and further studies would require tests on fractions of the essential oil, and on pure constituents. Furthermore, recently introduced drug-design approaches making use of 'fragment libraries' emphasize the use of small compounds (<300 Da) that are low affinity binders with great potential for structure-aided chemistry. It may well be that the compounds described herein become such interesting leads.
In conclusion, our results show clearly the potential of S. satureioides essential oil as an antimicrobial agent, which could explain its use in Algerian folk medicine. 
Experimental

Extraction of the essential oil:
The leaves were separated from the stems and air-dried. This material was then hydrodistilled (4 h) using a Clevenger type apparatus, according to the European Pharmacopoeia. The essential oil, obtained in a yield of 1.5% (w/w), was dried over anhydrous sodium sulphate and stored in hermetically sealed coloured vials at 4°C before analysis.
Essential oil analysis: GC and GC/MS analyses on apolar columns were carried out using an Agilent 6890 N gas chromatography apparatus equipped with a flame ionization detector (FID) and coupled to a quadrupole Agilent 5973 Network mass selective detector working in electron impact (EI) mode at 70 eV (scanning over 35-350 amu range). The gas chromatograph was equipped with two fused silica HP-1 capillary columns (PDMS, 50 m × 0.2 mm i.d., film thickness = 0.33 μm). The analytical parameters (identical for GC and GC/MS analyses unless specified) were the following: The carrier gas was helium at a flow rate of 1 mL/min (head pressure for both columns = 25psi); oven temperature was programmed from 60 to 250°C at 2°C/min and held isothermal for 40 min. The injector (split mode, ratio 1/100) temperature was 250°C. FID temperature was set at 250°C and in the GC/MS analyses, the temperatures of the ion source and the transfer line were 170 o and 280°C, respectively.
GC/MS analyses on polar column were performed with a Hewlett-Packard 5890 chromatograph coupled with a 5970A mass spectrometer of the same company (EI mode at 70 eV, mass range 35-400 amu), using the following conditions: fused-silica capillary column Agilent HP-20M (50 m × 0.2 mm i.d., film thickness = 0.1 μm). Injection mode: split 1:30. The oven temperature was programmed from 60 to 250°C at 2°C/min and then held isothermal for 30 min. The carrier gas was He (0.8 mL/min). Injector and detector temperatures were 250 o and 230°C, respectively. Chiral GC analyses were performed using an Agilent 6890 gas chromatograph coupled with a 5973 mass selective detector (EI mode at 70 eV, mass range 35-400 amu) equipped with a chiral capillary column Hydrodex β-6-TBDM (25 m × 0.25 mm i.d.;
Macherey-Nagel, Germany). The oven temperature was held isothermal at 40°C for 5 min and programmed from 40 o to 90°C at 0.5°C/min, then from 90 o to 200°C at 2°C/min and held isothermal at 200°C for 30 min. The carrier gas was helium, at a flow rate of 1.5 mL/min. The detector and the injector (split mode; 1/100) temperatures were 230 and 220°C, respectively. The enantiomeric composition of α-terpineol was determined by comparison of the essential oil chromatogram with those of a commercial sample of α-terpineol (20% ee of the (-)-enantiomer).
The constituents of the essential oil were identified by comparison of their mass spectral patterns and retention indices (RI) with either those of pure compounds registered in commercial libraries and literature data [16] [17] [18] [19] , or from a laboratory-made database built up from authentic compounds. 
Antimicrobial activity
Determination of antimicrobial activity:
The disc diffusion method was used to evaluate the zone of microbial growth inhibition at various dilutions of the oil. Different essential oil dilutions (10 μL) in ethanol (1/2, 1/5 and 1/10 v/v) were injected into sterilized discs 6 mm in diameter (BioMérieux, France). Pure ethanol (10 µL) was injected as the negative control.
In addition, 15 µg gentamycin (Pasteur Institute, Algeria) and 50 µg econazole (Sanofi diagnostics Pasteur, France) were used as positive controls for antibacterial and antifungal activities, respectively. Medium surfaces were spread using a sterile swab containing the microbial suspension, dried and left 30 min at room temperature to allow the diffusion of the oil, and then incubated at 37°C for 24 hours for bacteria and at 30°C for 48 h for fungi in order to observe formation of a clear zone around the disc. The zones of growth inhibition surrounding the discs were measured. All experiments were duplicated.
Determination of minimum inhibitory concentration (MIC):
Minimal inhibitory concentration (MIC) was determined by the serial dilutions technique using an agar dilution method (Benjilali et al., 1986; Delespaul et al., 2000), according to the incubation time. Initial emulsions of the oils (100 mg/mL) were prepared in sterile distilled water with 10% Tween 80. Twofold serial dilutions of the stock solutions (2 mL) were then added to 38 mL of Muller Hinton medium maintained in the molten state and poured into two Petri dishes, 90 mm in diameter. After complete solidification, 1 µL of the four bacterial suspensions (in sterile distilled water) adjusted to 10 8 CFU/mL was deposited with a multipoint inoculator (Denly, England) onto each Petri dish. Plates were then incubated at 37°C. Growth was observed during 6 days (D6) control growth (D0= 24 hours, and D4= 4 days). All experiments were performed in duplicate.
Antiviral activity
Expression and purification of polymerases: Two viral RNA-dependent RNA polymerases (RdRps) were expressed: the RNA polymerase of Dengue virus NS5Pol DV (DV, serotype 2, New Guinea C strain) from the flaviviruses genera and the HCV 1b
